Objective-To study the prognostic value of left ventricular (LV) diastolic function and its relation with autonomic balance expressed by heart rate variability (HRV) in patients after a first acute myocardial infarction. Design-The study population consisted of 64 consecutive patients with first acute myocardial infarction and 31 control subjects. Long and short term HRV indices were evaluated by 24 hour Holter monitoring, and LV systolic and diastolic function were assessed by two dimensional and Doppler echocardiography before discharge. Patients were divided into two groups: those with restrictive LV filling characteristics (deceleration time < 140 ms) and those with non-restrictive LV filling characteristics (deceleration time > 140 ms). Results-Both long and short term HRV indices were significantly reduced in patients with restrictive LV filling compared with the non-restrictive group and control subjects. Mitral deceleration time and isovolumetric relaxation time correlated weakly but significantly with all indices of HRV whereas ejection fraction correlated weakly with the long term HRV indices. The mean follow up time was 14.9 (8.7) months. Multivariate analysis showed that mitral deceleration time ( 2 = 6.4, p < 0.001) and ejection fraction < 40% ( 2 = 4.4, p < 0.05) were independent predictors of cardiac death and readmission to hospital with congestive heart failure. Conclusions-A restrictive LV filling pattern was found to be the strongest predictor of adverse outcome independent of HRV and ejection fraction during follow up after a first acute myocardial infarction. Patients with restrictive LV filling characteristics had more reduced HRV than those with non-restrictive diastolic filling. (Heart 2001;86:376-380) 
Left ventricular (LV) systolic function is a well established predictor of morbidity and mortality following acute myocardial infarction. 1 2 In recent years, LV diastolic dysfunction has been related to development of heart failure, progressive LV dilatation, and mortality after myocardial infarction. [3] [4] [5] [6] [7] Pulsed Doppler echocardiography has become well accepted as a reliable and useful non-invasive method for assessment of LV diastolic function. 8 Mitral and pulmonary venous flow velocities assessed by Doppler are used for the evaluation of LV filling pressure, relaxation, and chamber stiVness in establishing diagnosis and prognosis. 8 9 The identification of a restrictive LV filling pattern characterised by increased early to late filling ratio, decreased mitral deceleration time, and decreased systolic pulmonary venous flow has been associated with poor outcome in cardiac disease. 8 9 Reduced heart rate variability (HRV) after myocardial infarction is an important risk factor for mortality and life threatening arrhythmias. [10] [11] [12] [13] Changes in HRV are believed to reflect an imbalance between sympathetic and parasympathetic activity. 14 15 Increasing LV wall stress by raising loading conditions may enhance LV dilatation and increase sympathetic activity leading to the process of LV remodelling. 16 17 In previous studies HRV was shown to be related to LV systolic function expressed by ejection fraction. 9 10 Furthermore, HRV has been related to in hospital heart failure and with progressive LV dilatation after anterior myocardial infarction. 9 10 18 19 In this study, we investigated the prognostic implications LV diastolic function assessed by Doppler echocardiography and its relation to HRV before discharge after a first myocardial infarction.
Methods

PATIENTS
We prospectively studied 64 consecutive patients admitted to the coronary care unit with first acute myocardial infarction defined as follows: (1) creatine kinase > 210 IU and creatine kinase fraction B > 20 IU (normal upper limit = 6 U/l); (2) typical chest pain; and (3) electrocardiographic evidence of myocardial infarction. Another 31 patients admitted with suspected acute myocardial infarction, which was disproved by lack of enzyme release and electrocardiographic changes, served as a control group. These patients had no prior history of myocardial infarction but were considered to have angina pectoris as they had at least one of the following characteristics besides typical chest pain: (a) positive exercise test; (b) coronary angiogram with at least one stenotic lesion exceeding 75%; or (c) previous treatment with percutaneous transluminal coronary angioplasty. Eligible for the study were patients in sinus rhythm, aged 40-75 years, and without valve disease. Patients continued their usual medication with the exception of blocker treatment, which was started after the Holter monitoring and echocardiography were performed. No patients received antiarrhythmic agents. All patients were planned for at least one year of follow up. The local scientific ethical committee approved the study and each participant gave informed written consent.
ASSESSMENT OF HRV
HRV was assessed at day 5-7 by a 24 hour tape recording using a Tracker TR1 Holter monitor (Reynolds Medical, Herts, UK). The tape recordings were analysed for HRV by a Reynolds pathfinder 600 (version 4.12, Reynolds Medical Ltd). The tapes were manually edited to ensure deletion of noise and correct identification and classification of the QRS complexes before the analysis was performed.
The following indices of HRV were assessed according to current recommendations: SD of all normal to normal (NN) intervals, the HRV triangular index, SD of the averages of NN intervals in five minute segments, the square root of the mean of the sum of the squares of diVerences between adjacent NN intervals, and coeYcients of variance (SD of NN intervals divided by mean heart rate). 20 
ECHOCARDIOGRAPHY
Two dimensional and pulsed Doppler echocardiographic examinations were performed at days 5-7 using a standard cardiac ultrasound unit with a 2.5 MHz transducer. LV end systolic and diastolic volumes and ejection fraction were measured from the apical two and four chamber views by Simpson's biplane disc method. The mean of three measurements was used and volumes were indexed for body surface area. Pulsed Doppler recordings of the mitral flow velocities were obtained from the apical four chamber view by placing the sample volume between the tips of the mitral leaflets and pulmonary venous flow velocities were obtained by placing the sample volume at least 1 cm into the right superior pulmonary vein. Each Doppler profile was analysed by digital tracing and Doppler measurements were calculated from an average of five consecutive cardiac cycles. The pulmonary flow tracings were recorded in 83% of all cases. On the basis of previous combined invasive and echocardiographic studies in patients with coronary artery disease, the patients with acute myocardial infarction were assigned to two groups according to the mitral deceleration time. 8 9 21-23 Patients with mitral deceleration time > 140 ms were considered to have non-restrictive LV filling and patients with a deceleration time < 140 ms to have restrictive LV filling. All echocardiographic and HRV measurements were analysed without knowledge of the clinical data.
STATISTICAL ANALYSIS
Results are presented as mean (1SD). DiVerences between groups were examined by Student's t test for unpaired data. Correlations were assessed by bivariate correlation analysis. Univariate and multivariate regression analyses were applied to identify predictors of the combined end point of cardiac death or readmission to hospital with heart failure among baseline characteristics, HRV, and LV function. Kaplan Meier curves were constructed and compared by log rank tests. Values of p < 0.05 were considered significant. Table 1 describes the clinical characteristics of the control group and patients with acute myocardial infarction, with or without LV restrictive filling characteristics. No significant diVerences were observed between groups except that there were more men in the group with myocardial infarction than in the control group (p = 0.05). Table 2 shows the echocardiographic data for each group. As expected the Doppler parameters of diastolic function differed between the restrictive group and the non-restrictive and control groups. However, no diVerences in Doppler data were noted between the non-restrictive and control groups. LV ejection fraction was significantly lower among patients with acute myocardial infarction than in controls. In the restrictive group LV ejection fraction was < 40% in 10 patients whereas seven patients had an ejection fraction > 40%. In the non-restrictive group 40 patients had an ejection fraction > 40% and seven patients had an ejection fraction < 40%.
Results
The systolic blood pressure was 128 (22) mm Hg in the control group, 131 (21) mm Hg in the non-restrictive group, and 126 (19) mm Hg in the restrictive group (NS).
ASSOCIATION BETWEEN HRV INDICES AND LV
FUNCTION
The results of the Holter examination of HRV between groups are listed in table 3.
A weakly significant correlation was found between the SD of the NN intervals and The mean follow up time was 14.9 (8.7) months during which nine cardiac deaths (five sudden deaths, four from progressive heart failure) occurred and eight patients were readmitted to hospital with congestive heart failure. Univariate analyses showed that mitral deceleration time < 140 ms ( 2 = 8.5, p < 0.001), LV ejection fraction < 40% ( 2 = 6.2, p = 0.001), SD of the averaged NN intervals < 92 ( 2 = 4.4, p < 0.01), peak creatine kinase B fraction ( 2 = 3.3 p = 0.01), and age ( 2 = = 1.07/year increase, p < 0.02) were significant predictors of cardiac events during follow up. Multivariate analysis showed that mitral deceleration time ( 2 = 6.4, p < 0.001) and ejection fraction < 40% ( 2 = 4.4, p < 0.05) were independent predictors of outcome. Figure 2 shows the event free survival curves for mitral deceleration time, ejection fraction, and SD of NN intervals. 
Figure 1 Association between mitral deceleration time and SD of normal to normal (NN) intervals. Open circles denote patients with non-restrictive left ventricular filling and closed circles denote patients with restrictive filling.
Figure 2 Cumulative event free survival from cardiac death or readmission to hospital with congestive heart failure in (A) patients with acute myocardial infarction with mitral deceleration time (DT) < 140 ms and > 140 ms, (B) patients with ejection fraction (EF) < 40% and > 40%, and (C) patients with SD of all NN intervals
Discussion
In the present study a shortened mitral deceleration, representing a restrictive LV filling pattern compared with HRV and ejection fraction, was found to be the best predictor of outcome following a first myocardial infarction. Patients with restrictive LV filling have significantly reduced HRV compared with patients with a non-restrictive LV filling pattern and control subjects. Total, long term, and short term HRV indices correlated weakly but significantly with parameters of LV diastolic function. Diastolic function of the heart is a complex sequence of many interrelated determinants where the two major factors of LV filling are ventricular relaxation and the eVective chamber compliance. Both factors are known to be influenced by myocardial ischaemia, hypertrophy, fibrosis, increased afterload, and regional asynchrony. 8 Doppler echocardiography has identified three abnormal LV filling patterns: impaired relaxation, and pseudonormal and restrictive filling patterns. Impaired LV relaxation is seen early, is associated with acute myocardial ischaemia, LV hypertrophy, and increasing age, and is recognised by a decrease in early to late peak filling velocity, and prolonged deceleration and isovolumetric relaxation times. As the diastolic abnormalities progress, increased LV chamber stiVness and atrial pressure lead to a pseudonormal filling pattern that can be unmasked by careful evaluation of pulmonary venous flow or the use of the Valsalva manoeuvre. When pronounced diastolic abnormalities are present, a restrictive filling pattern develops characterised by increased early to late peak filling velocity, and shortened deceleration and isovolumetric relaxation times due to increased left atrial pressure and increased LV filling pressure. Patients with restrictive LV filling often have reduced functional capacity and are associated with a poor prognosis. 8 In the present study we identified a restrictive filling pattern in approximately one fifth of the patients, which is in accordance with previous findings. 7 Restrictive LV filling is often seen in patients with moderate to severe systolic dysfunction, which is consistent with our findings. However, in the present study a minor group with restrictive LV filling had preserved or only mildly aVected systolic dysfunction indicating that diastolic dysfunction might exist independent of moderate to severe systolic dysfunction after myocardial infarction.
The clinical implications of restrictive LV filling with preserved systolic function cannot be determined by the present study, because of the size of the study population, but must clarified by future studies. According to the diastolic pressure-volume curve, a decrease in eVective chamber compliance can be caused by either increased myocardial stiVness (or increased pericardial restraint) or an increase in volume. In the present study significant early LV dilatation was seen in patients with restrictive filling, which is likely to be an important determinant in the development of increased chamber compliance. Myocardial necrosis, interstitial oedema, and increased collagen deposition might also aVect myocardial stiVness. 24 Myocardial ischaemia might also be indirectly involved as patency of the infarct related artery is an important factor in avoiding progressive LV dilatation. 25 During acute myocardial ischaemia an impaired relaxation filling pattern is usually seen, which might be involved in the early stage of the development of diastolic dysfunction. 26 The development of a restrictive LV filling pattern and early LV dilatation is likely to increase myocardial wall stress, which might lead to progressive LV dilatation and sympathetic activation. The presence of both a shortened deceleration time and reduced HRV have previously been related to LV dilatation after myocardial infarction. 5 6 19 In the present study the total and long term HRV indices were significantly altered in patients with restrictive LV filling compared with patients with non-restrictive LV filling or control subjects. Our observations are supported by experimental studies in dogs, which showed that impairment of LV diastolic function is followed by a parallel deterioration of autonomic regulation. 27 In the clinical setting reduced HRV has been found to be associated with abnormal myocardial performance as it is significantly correlated with decreased LV ejection fraction and development of congestive heart failure following myocardial infarction. 10 11 HRV has previously been associated with late diastolic filling during atrial contraction but appeared to be independent of measures of early diastolic filling in normal subjects. 28 In the present study we did not find any significant correlation between HRV and early or late peak filling velocity but we did find a significant correlation with deceleration time, isovolumetric relaxation time, and peak systolic pulmonary venous flow velocity. This discrepancy might be caused by altered loading conditions, which is supported by studies in normal subjects in whom both early and late peak filling velocities are found to be more aVected than other diastolic parameters by changes in preload. 29 In accordance with previous studies we found a weak but significant correlation between LV ejection fraction and total HRV indices but not with short term HRV. 13 
PREDICTIVE CHARACTERISTICS OF EJECTION FRACTION, DECELERATION TIME, AND HRV DURING FOLLOW UP
Reduced HRV and ejection fraction have been shown to be independent predictors of all cause mortality after myocardial infarction, even though HRV appears to be a better predictor of postinfarction arrhythmic complications including sudden death. In the present study, we found that deceleration time (< 140 ms) and ejection fraction were predictors of a combined end point of cardiac death and readmission to hospital with heart failure during follow up. In contrast to previous studies reduced HRV was not found to be an independent predictor of outcome. No measures of LV diastolic function are available from earlier studies or included in their analysis, and total cardiac mortality was used as the end point in a considerably larger number of patients. This might explain the discrepancy in the predictive value of measures of HRV and LV systolic and diastolic function between the present and previous studies.
LIMITATIONS
The correlation analysis between diastolic Doppler parameters and HRV indices has some inherit problems as each parameter does not describe solely the diVerent stages of diastolic function or autonomic balance, which is an important limitation. However, the HRV indices were significantly diVerent between groups and it is therefore likely that some interaction is present. Diastolic Doppler parameters and HRV are both influenced by age and heart rate, which must be taken into consideration in the interpretation of the present results. 30 31 We do believe that the influence of heart rate is limited as only patients between 40 and 75 years of age were included in the present study. Patients with shortened deceleration time (< 140 ms) had significantly higher heart rate than patients with nonrestrictive filling characteristics. Increasing heart rate has less influence on deceleration time and at most prolongs the deceleration time, which limits the possibility of misclassification of patients with restrictive filling pattern into the non-restrictive LV filling group. HRV determined by the SD of averages of NN intervals corrected for mean heart rate was also significantly diVerent between those patients with and those without restrictive filling characteristics. Furthermore, all patients were studied without ongoing blocker treatment, which is known to influence heart rate, HRV, and diastolic LV filling. 32 33 Angiography and invasive revascularisation procedures were not performed routinely in this study and so vessel patency was unknown.
CONCLUSION
The presence of a restrictive LV filling pattern was found to be the strongest predictor of adverse outcome independent of HRV and ejection fraction during follow up after a first acute myocardial infarction. Patients with restrictive LV filling characteristics were shown to have more reduced HRV than those with non-restrictive diastolic filling and control subjects.
